Background: Prognosis for most types of childhood tumours has improved during the last few decades. In this article we estimate up-to-date period survival for less common, but important childhood malignancies in Europe.
introduction
Prognosis for almost all types of childhood tumours improved impressively during the last few decades [1] , but there have been concerns that, with the exception of leukaemia and lymphoma, a plateau with no further improvement has been reached for most types of childhood cancer since the early 1990s [2] . In preceding articles of this series [3] [4] [5] , we were able to demonstrate further improvements in prognosis during the 1990s for all forms of childhood cancer, as well as leukaemia, lymphoma and CNS tumours by applying the so-called period analysis [6] on data from the Automatic Childhood Cancer Information System (ACCIS) [1] . The period analysis is a new statistical method that is able to depict recent trends in survival in a more timely way than traditional cohort-based approaches [7] .
In this paper, we examine the recent development in prognosis for children from four European regions diagnosed with less common, but important malignant tumours, namely tumours of the sympathetic nervous system, retinoblastoma, renal and bone tumours, and soft-tissue sarcoma. Altogether, these five entities account for approximately 25-30% of all childhood tumours, with retinoblastoma somewhat less frequent (2-4%) than the other groups (each around 6-8%).
methods
The methodology for this analysis has been described in detail in a preceding article in this volume of the journal [3] . Briefly, the analysis is based on the database of the Automated Childhood Cancer Information original article System (ACCIS), September 2003 edition [1] . We included children aged 0-14 years with a first diagnosis of several tumour types during the years 1985-1999 in the participating registries. The tumours were classified and are presented according to the International Classification of Childhood Cancer (ICCC) [8] . The analyses were conducted for tumours of the sympathetic nervous system (Group IV of ICCC including neuroblastoma), retinoblastoma (ICCC Group V), renal tumours (ICCC Group VI including Wilms' tumour), bone tumours (ICCC Group VIII) and soft-tissue sarcomas (ICCC Group IX).
The criteria for selection of the registries in this analysis were:
(i) availability and high completeness of follow-up with respect to vital status throughout a time window from at least 1987 to 1997 or later; (ii) fulfilment of high standards of quality and comparability of the ACCIS data [9] .
Data from the contributing cancer registries were grouped into four European regions as follows: [6] . The most recent estimates that might have been obtained by traditional cohort analysis (pertaining to children diagnosed in 1985-1989 and followed for full 10 years) or complete analysis (pertaining to the survival experience in 1985-1999 of children diagnosed in 1985-1999 and followed for up to 10 years) [10] are given for comparison and to assess recent development in prognosis. We also report 5-year survival estimates for selected groups of patients in order to enhance comparability with other published data.
results
Overall, 11 750 children with one of the selected types of cancer were included in the analysis (Table 1) . Over 65% of all cases were reported by registries from Western Europe, whereas registries from the other European regions contributed 8-14% of all cases. The German childhood cancer registry provided data for over 50% of all cases. Table 1 also shows the numbers of cases included in the analysis by ICCC tumour groups. There have been 3349 tumours of the sympathetic nervous system; 98% of them were (ganglio)neuroblastoma (ICCC IVa, n = 3284). Retinoblastoma accounted for 1027 cases. The vast majority (97%) of the 2565 renal tumours were Wilms' tumours (ICCC VIa, n = 2493). The most common subgroups among the bone tumours were osteosarcoma (ICCC VIIIa, 50%) and Ewing's sarcoma of bone (ICCC VIIIc, 43%). The predominant subgroup among soft-tissue tumours was rhabdomyo-sarcoma and embryonal sarcoma (ICCC IXa, 56%). Table 2 provides 10-year survival estimates derived by cohort, complete, and period analysis for all four European regions combined for the specific tumour types addressed in this study.
The 10-year period survival for children with sympathetic nervous system was almost 66% (5-year period survival: 68%, data not tabulated). In comparison with the 52% 10-year cohort survival for children diagnosed in [1985] [1986] [1987] [1988] [1989] , this result indicates a substantial improvement during the 1990s. The comparison of the period estimate with complete estimate (59%) shows further improvement, even if less spectacular, for the patients diagnosed towards the end of the diagnostic period of 1985-1999. Children with retinoblastoma showed the best survival of all groups of tumours considered in this analysis during the entire study period. Ten-year cohort survival for all children diagnosed in 1985-1989 was 92%. This very good prognosis even further improved throughout the 1990s as indicated by the 10-year complete estimate of 94% and the period estimate of 96%. The corresponding 5-year survival estimates were 93, 95 and 96% (data not tabulated).
Also children with a renal tumour experienced a good prognosis, with 10-year cohort survival of 81% for those diagnosed in the years [1985] [1986] [1987] [1988] [1989] . The corresponding period estimate of 87% for 1995-1999 period indicates that 10-year survival has further increased for children with this type of tumour during the 1990s (5-year period survival: 88%, data not tabulated).
Prognosis of children with bone tumours was less favourable and did not seem to improve much. The 10-year cohort survival for the patients diagnosed in 1985-1989 was 55%. The complete and period estimates were only slightly higher (58% each), which does not imply much improvement over the 1990s. The corresponding 5-year survival estimates were around 5% units higher (cohort: 60%; complete: 63%; period: 63%). The subgroup of patients with Ewing's bone tumours had lowest survival among other bone-tumour subgroups, although a slight continuous improvement can be inferred from the comparison of the three survival estimates (cohort: 51%; complete: 55%, period: 55%). The corresponding 5-year survival estimates were 6-7% units higher (cohort: 57%; complete: 61%; period: 62%). Survival with osteosarcoma was slightly higher, but there was no indication of a recent improvement, since the 10-year cohort (57%), complete (60%) and period (58%) survival estimates were almost identical (5-year survival: 57, 60 and 58%, respectively).
Prognosis for children with soft-tissue sarcoma was somewhat better than for those with bone tumours, but this does not seem to have changed during the 1990s as cohort, complete and period analysis yielded almost identical 10-year survival estimates of around 60% (5-year survival: 65, 66 and 66%, respectively). The children with most common soft tissue tumour, rhabdomyosarcoma, actually fared worse than those with other soft tissue tumours.
The results of the region specific analysis, which we have restricted to the major ICCC categories, are shown in Table 3 and in Figures 1-5. Period survival of children with tumours of the sympathetic nervous system was higher in Western Europe than in all other regions. The difference between the period and cohort, or complete estimates was greatest for Eastern Europe, suggesting strongest improvement in survival, whereby the rank for this region changed from 4 to 2 across the three estimates. The period estimate was very similar for Eastern, Northern and Southern Europe. Figure 1 also shows that the risk of death is highest in the first 3-4 years following diagnosis, after this period cumulative survival decreases less steeply.
An absolute 10-year survival of 100% was estimated by the period method for children with retinoblastoma in Western Europe (Table 3, Figure 2 ). The corresponding estimates for other regions varied from 85% (South) to 98% (North).
Comparison of the three survival estimates shows the most marked improvement of prognosis for children in the East, and mild improvement in the West and North. In South there was no evidence of change and the data suggest that survival perspectives of children with retinoblastoma may have decreased in this region in recent years. However, this pattern has to be interpreted with caution as the standard errors referring to those 76 children from Southern Europe are quite large. The improvement observed in the Eastern Europe resulted in similar survival in this and the other regions, with the period estimate for 10-year survival of 92% for the years 1995-1999. The cohort estimate of 76% for the East was very low compared with the other three regions.
Ten-year period survival of children diagnosed with renal tumours varied between 79% in the East and 90% in the North (Table 3 ). All region-specific period estimates were higher than those obtained by complete method for the same diagnostic period, which in turn were higher than the respective cohort estimates for the patients diagnosed in 1985-1989 ( Figure 3 ). The prognosis of children with renal tumours thus improved during the 1990s in all European regions. Survival was lowest for children from Eastern Europe, but the gap between Eastern Europe and other European regions became smaller among the most recent estimates by period method. The survival curves flattened after the fifth year indicating that most deaths related to renal tumours occur during the first years after diagnosis.
The 10-year period survival for children diagnosed with malignant bone tumours was poor, particularly for children Figure 4 ). From comparison of the three survival estimates for each region we conclude that the prognosis has improved in three regions (except North), with greatest progress in the South, followed by the East. This development reduced the range of the inter-regional differences from 21 percentage points for the cohort estimate to 17 percentage points in the most recent, period estimates. The largest regional variation in period survival was observed for children with soft-tissue sarcoma: between 42% for Eastern Europe and 69% for Northern Europe (Table 3 ). The only region with some improvement as testified by the increasing values of cohort, complete and period estimates, was Western Europe ( Figure 5 ). The corresponding estimates for Eastern Europe showed decreasing trend. The region specific pattern was similar when we restricted the analysis to rhabdomyosarcoma (data not shown).
discussion
This study is the final part of the first analysis of childhood cancer survival using the period methodology to obtain up-to-date long-term survival estimates on European level. The comparison of period estimates with pertinent survival estimates derived by the conventional cohort or complete methods from the same data base has been shown to advance the detection of trends in survival in case of both, adult [7] and childhood cancer [11] . Our analysis indicates that there have been impressive improvements in the prognosis of tumours of the sympathetic nervous system and moderate improvements in case of retinoblastoma, renal tumours, bone tumours (except osteosarcoma) and some soft tissue sarcomas (excluding rhabdomyosarcoma) throughout the 1990s.
Neuroblastoma, which represents the major proportion of tumours of the sympathetic nervous system, is the most common solid tumour among infants (children under 1 year of age) [1, 12] . The development of neuroblastoma is not invariably progressive; spontaneous regression without treatment has been reported [13] and the majority of neonates with neuroblastoma do well with no intervention [14] . Although survival has improved to some degree, the prognosis remained unsatisfactory until the early 1990s [15, 16] . Children diagnosed in the late 1980s in Europe still had a 5-year survival rate of less than 50% [17, 18] . Regional differences within Europe in incidence, age and distribution of stage of disease at time of diagnosis [19, 20] , as well as regional variation in survival of children with neuroblastoma [20] [21] [22] have been described. For example, 5-year survival rates of over 60% have been reported for Germany already prior to the start of the neuroblastoma screening project [23] . These differences may reflect different paediatric health-care systems including the practice of routine health checks for children, but also differences in availability and access to efficient diagnostics and therapy.
Our data indicate an impressive improvement in prognosis for children with neuroblastoma in all European regions during the 1990s. This finding is complementary to the results of other European studies of population-based survival using the cohort method, such as the recent ACCIS report on incidence and survival of children with neuroblastoma in Europe diagnosed in 1978-1997 [24] . The favourable development is correlated with a similar increase in incidence, particularly in infant cases Table 2 . Numbers of cases (N) included in the analyses and estimates of 10-year survival (%) with standard errors (SE) for children in Europe with tumours of the sympathetic nervous system, retinoblastoma, renal, bone or soft tissue tumours [8] in all regions except in Northern Europe. Some of the increase in incidence must be ascribed to the 'over-diagnosis' of cases with a favourable prognosis even without treatment.
In particular, the increase in survival for children from Western Europe diagnosed with neuroblastoma might be attributed to the temporary implementation of the large-scale screening trial in Germany, which contributed over 50% of all neuroblastoma cases in this region, whereas the impact of the small-area screening trials in France and England is considered to be negligible [24] . In addition to the effects of over-diagnosis, some of the increase in survival may also be attributed to improvements in the quality of the therapy. The assessment of this would require data by stage, which are currently not available in the ACCIS database. Retinoblastoma is one of the embryonal neoplasms characterized by young age at onset and very high survival in comparison with other tumours, if diagnosed on time [25] . Survival further improved during the past three decades in many European countries [18, [25] [26] [27] [28] [29] [30] , Japan [16] and in North America [31] . Survival rates of 100% have been reported from several registries [21, 26, 30, 32] . Retinoblastoma is considered nowadays as a curable tumour, but this strictly depends on early diagnosis, minimal extension of the tumour at diagnosis and the access to optimal treatment. High survival for retinoblastoma is probably related to the implementation of chemotherapy as adjuvant therapy in addition to surgical enucleation [25] . While 5-year survival in the range of 90-100% has already been achieved for children diagnosed in the late 1980s in most parts of Europe, survival was slightly lower, around 85%, for children from Eastern Europe [25] . Our data confirmed further improvement of survival in the East during the 1990s, to the levels equivalent with other regions. With achieving very high survival the potential for further improvement becomes limited, although careful monitoring of survival trends should continue in order to detect any unfavourable development, such as that seen in Southern Europe in this study. Further data collection will help to draw firm conclusion from this observation.
Wilms' tumour is by far the most common malignant renal tumour in children, primarily seen in children 1-5 years of age [33] . Wilms' tumour was the first solid tumour for which the adjuvant use of chemotherapy along with radiation was shown to enhance survival [14, 34, 35] . This Table 3 . Numbers of cases (N) included in the analyses and estimates of 10-year survival (%) with standard errors (SE) for children in Europe with tumours of the sympathetic nervous system, retinoblastoma, renal, bone or soft tissue tumours derived by cohort analysis, complete analysis and period analysis according to region and tumour group [8] original article Annals of Oncology led to an increase in 5-year survival from 30 to 40% during the 1970s, up to 80-90% during the 1980s and 1990s [18, 33, 36] .
As nowadays most patients with Wilms' tumour in Europe and North America can be cured, studies over the last decade have focused on trying to minimize long-term toxicity of chemotherapy and radiation while maintaining the high cure rate for children with Wilms' tumour [14] . Complementary to the results of a recent ACCIS report on incidence and survival of renal tumours [33] , our data indicate that the excellent survival rates have been maintained and were further enhanced in Europe.
Malignancies of the bone occur predominantly during late childhood and adolescence [37] . In the past, survival rates for osteosarcoma were higher than those for Ewing's sarcoma, but during the last two decades the difference in prognosis between these two tumours diminished [21, 37] . There have been substantial improvements during the past 40 years in prognosis for children with bone tumours. For example, 5-year survival in the United Kingdom for children with malignant bone tumours increased from 22% in the 1960s [38] up to 64% for children diagnosed in the 1980s [35] . Similar figures have been reported from Italy [26, 30] , the United States Annals of Oncology original article [31] , New Zealand [32] and from a recent European analysis of childhood cancer data from the ACCIS project [18, 37] .
Soft tissue sarcomas which account for 7% of all childhood tumours are a heterogeneous group of malignancies primarily of mesenchymal cell origin that develop at primary sites throughout the body [39] . The introduction of multimodal therapy [40] and the identification of different biological subtypes [41] have improved the prognosis, but the outcome is strongly influenced by how completely the primary tumour can be surgically removed [14] . Our period estimate indicates that currently around 60% of all children with soft tissue sarcoma in Europe can expect to survive 10 years or more. However, this is not higher than the 10-year estimate obtained by cohort method, implying not much improvement in survival during the 1990s. In the latest report of European data, the 5-year survival of children diagnosed in 1988-1997 with soft tissue sarcomas was 65% [39] . The region with strongest indication of improvement was Western Europe, while the tendency to deterioration of previously observed survival, seen in Eastern Europe, should be carefully watched. 
original article Annals of Oncology
Although it is not the primary goal of our study to address regional differences, our study did confirm variability in survival across Europe reported previously [2, 22, 24, 25, 33, 37, 39, 42] . Unlike the previous studies, our period survival method has permitted to report for the first time expected equalisation of childhood survival in Eastern Europe with the other regions, for tumours of sympathetic nervous system and retinoblastoma. The gap was also diminishing for renal tumours and malignant bone tumours, although to a much lesser extent. On the other hand, period estimates of regionspecific survival indicate increased lagging of the East behind the rest of Europe for soft tissue sarcomas. Differences in access to quality health care are likely to contribute to the still existing poor outcome in this region. Regional differences in childhood cancer survival within Europe have been described in general terms elsewhere [22, 42] .
There are some limitations that should be addressed when interreting the results of our study. In particular, the increase in infant incidence of neuroblastoma as a consequence of the temporary introduction of large-scale neuroblastoma screening programmes or generally improved healthcare for infants due to the wide use of ultrasound-imaging in some, but not all European countries during the study period might have artificially increased the corresponding survival estimates. Hence, the apparent increases in survival for this tumour might reflect a certain degree of over-diagnosis, as well as increased chances of cure. This development would apply to several regions, including East, South and West as defined in the earlier study, where the incidence of neuroblastoma in infants doubled between 1978-82 and 1993-97 [20] . The second shortcoming is the incomplete coverage of Europe, comprising only the populations covered by good quality population-based data and satisfying defined criteria of follow-up. In addition, we have defined the regions according to data availability. As a result, some of the region-specific survival estimates may not be representative of other definition of regions than that used in this study. Also, the results are strongly influenced by the pattern in the largest registries and original article Annals of Oncology notably the national childhood cancer registry of Germany, which provided almost half of all cases for this analysis. The interpretation is also limited due to lack of information regarding treatment protocol and tumour stage, which has not been included in the ACCIS database [1] . Beside treatment protocols, the population-based survival estimates may also reflect, for example, ease and rapidity of access to diagnosis or well designed referral system. It would be desirable in the future to include prognostic factors in the data collection protocol, such as access delay between diagnosis and treatment, inclusion in clinical trials, stage at diagnosis and possibly the initial treatment even though this information may be difficult to obtain systematically in a population-based cancer registry. Despite these limitations, we are confident that our analysis provides valuable information as the most up-to date and presumably most accurate survival estimates for children in Europe diagnosed with selected tumour types and it indicates that there has been ongoing progress in provision of effective treatment, particularly in Eastern Europe. 
